B s → ρ(ω)K * are useful to determine the B s distribution amplitude, as well as constrain the CKM phase angle α. We study these decays within the Perturbative QCD approach(PQCD).
Introduction
Exclusive nonleptonic B decays have provided a fertile field to investigate the CP violation and search for new physics. The hadronic matrix elements of the effective operators play a key role in the study of B meson decays, but it is difficult to calculate them precisely due to the long distance QCD dynamics. The factorization approach (FA) [1, 2] based on the color transparency mechanism has been applied to many decay modes, and it works well in many channels. But it suffers from some problems such as infrared-cutoff and scale dependence. To solve these problems and make more accurate predictions, the perturbative QCD approach (PQCD) [3, 4, 5, 6] , the QCD improved factorization (QCDF) [7, 8] as well as the Soft-collinear effective theory (SCET) [9] have been developed in the recent years.
PQCD is based on k T factorization theorem [10, 11, 12] . The decay amplitude is factorized into the convolution of the mesons' light-cone wave functions (see Appendix A), the hard scattering kernels and the Wilson coefficients, which stand for the soft, hard and harder dynamics respectively.
The transverse momentum is introduced so that the endpoint singularity which will break the collinear factorization is regulated and the large double logarithm term appears after the integration on the transverse momentum, which is then resummed into the Sudakov form factor. The formalism can be written as:
where the b i is the conjugate space coordinate of the transverse momentum, it denotes the transverse interval of the meson. t is the energy scale in hard function H. The jet function S t (x i ) comes from the summation of the double logarithms ln 2 x i near the endpoint, called threshold resummation [10, 13] . The factorization theorem guarantees the infrared safety and the gauge invariance of the hard kernel and has been proved to all order of α s [14] .
Many hadronic two body B decays have been studied in PQCD approach [5, 6, 15, 16] . Most predictions are consistent with the current experiments. The B s decays are important to extract CKM phase angles and study the CP violation. As B s meson is not in the energy scale of the high luminosity B factories SLAC and KEK, it is more difficult to be produced and measured now. We can study the B s decays more precisely in the very near future with the increase of luminosity at TEVATRON and the upcoming Large Hadron Collider (LHC).
B s meson is different from B meson due to the heavier strange quark (compare to u, d quark)
which induces the SU(3) symmetry-breaking effect. This effect is considered to be small and the distribution amplitude of B s meson(given in the following formula) should be similar to that of the B meson,
The upper limit of the B s → πK branching ratio is 7.5 × 10 −6 [17] , which constrain the parameter ω Bs to a lower limit of about 0.5 [18] . Moreover, in order to fit the branching ratio measured in the B s → φφ decay [19] , we constrain ω Bs to about 0.55 [20] , then we can see that the SU (3) symmetry-breaking is not negligible. Here we integrate out the variable b and show the distribution amplitude of B and B s meson in Fig.1 In this paper, we study B s → ρ(ω)K * decays in the PQCD approach. Hopefully the branching ratio is not too small and can be detected by the TEVATRON or LHCb experiments, then it may allow us to determine the B s distribution amplitude and SU(3) breaking effects with much more precision. Moreover, we can also constrain α with fewer pollution from this channel.
Calculation and Numerical analysis
We use the effective Hamiltonian for the process B s → ρ(ω)K * given by [22] 
where
are the Wilson coefficients, and the operators are
Here i and j stand for SU (3) color indices.
The decay width for these channels is :
where p is the 3-momentum of the final state mesons, |p| =
M σ is the decay amplitude , which will be calculated later in PQCD approach. The subscript σ denotes the helicity states of the two vector mesons with the longitudinal (transverse) components L(T). According to Lorentz structure analysis, the amplitude can be decomposed into:
We can define the longitudinal H 0 , transverse H ± helicity amplitudes
. They satisfy the relation
The leading order diagrams in PQCD approach are shown in Fig.2 . The amplitudes for B s → ρK * 0 andB s → ρK * 0 are written as
respectively, where the subscript H denote different helicity amplitudes L, N and T , and T H and P H are the amplitudes from tree and penguin diagrams respectively. The detailed formulae of T H
and P H are similar to those in B → K * K * [23] and B → φK * [15] , so we will not show them here.
The parameters used in our calculations are: the Fermi coupling constant G F = 1.16639 × [25] , the central value of the CKM matrix elements α = 95 • , |V td | = 0.0075, |V tb | = 0.9992, |V ud | = 0.9745 [24] , |V ub | = 0.0047 [26] and the B s meson lifetime τ Bs = 1.461ps [24] .
As we mentioned before, the decay B s → ρ(ω)K * can be used to determine the B s meson wave function parameter ω Bs , or ω Bs can influence our predictions of B s → ρ(ω)K * decay. So we show the results in Table 1 according to 3 different values of ω Bs . From the table we can easily find out the averaged branching ratio for B s (B s ) → ρ ± K * ∓ is much larger than the other two, for
for the factorizable part while the other two (B s (B s ) → ρ 0K * 0 (K * 0 ) and B s (B s ) → ωK * 0 (K * 0 )) involve a much smaller Wilson coefficient C(1) + C(2)/3 (color-suppressed) for the factorizable part of the emission diagram. As a result the first one is tree dominated and has a large branching ratio and small direct CP asymmetry.
While referring to the other two, the contributions from penguin and tree diagrams are at the same The polarization fraction difference of these channels are also due to that the main contribution of each channel comes from different topology. B s (B s ) → ρ ± K * ∓ is tree dominated. The main contribution comes from the factorizable part of the emission diagram, where transverse polarization amplitude is suppressed by a factor r 2 ρ ≃ (0.77/5.37) 2 (see formulas in [23] ), so the longitudinal polarization dominates and contributes more than 90% of the total branching ratio. But in B s (B s ) → ρ 0K * 0 (K * 0 ) and B s (B s ) → ωK * 0 (K * 0 ) decays, tree emission (factorizable) diagram contribution is suppressed due to the cancellation of Wilson coefficients C 1 + C 2 /3. The left dominant contribution is the non-factorizable diagrams of tree operators and penguin diagrams. both of these contributions equally contribute to longitudinal and transverse polarizations. The transverse polarization is not suppressed in those cases, therefore numerically we get a small longitudinal fraction of about 0.4. This similar situation is also found in B → ρρ(ω) decays [27] , which are related by SU(3) symmetry to our B s → ρK * decays.
To extract the CP violation parameters and dependence on CKM phase angle α of these decays, we rewrite the helicity amplitudes in (9,10) as the functions of α: where Z H = |V * t /V * u ||P H /T H |, and δ is the relative strong phase between tree (T ) and penguin (P ) diagrams. Here in PQCD approach, the strong phase comes from the nonfactorizable diagrams and annihilation diagrams. This is different from Beneke-Buchalla-Neubert-Sachrajda [7] approach. In that approach, annihilation diagrams are not taken into account, strong phases mainly come from the so-called Bander-Silverman-Soni mechanism [28] . As shown in [5] , these effects are in fact next-to-leading-order (α s suppressed) elements and can be neglected in PQCD approach. We give the averaged branching ratios of B s (B s ) → ρ 0 K * 0 (K * 0 ) and B s (B s ) → ωK * 0 (K * 0 ) as a function of α in Fig.3 , and the averaged branching ratios of B 0 (B 0 ) → ρ ± K * ∓ in Fig.4 . Using Eqs. (11, 12) , the direct CP violating parameter is
Notice the CP asymmetry for these channels are sensitive to CKM angle α, we show the direct CP asymmetry as a function of α in Fig.5 . It is easy to see that the B s → ρ 0 K * 0 and ωK * 0 have large direct CP asymmetries up to 50%, with a relative minus sign. On the other hand, the B s → ρ ± K * ∓ decay has small direct CP asymmetry due to only one large tree contribution in this decay. The uncertainty shown at this table is only from the B s meson wave function parameter dependence. In fact, since CP asymmetry is sensitive to many parameters, the line should be more broadened by uncertainties. The mixing induced CP asymmetry is complicated and requires angular distribution study, similar study may be found in [29] . 
At last, if we compare our predictions with those of naive factorization [30] 
and ones of QCDF [31] 
We can see that they are consistent. It should be noticed that the branching ratios in FA and QCDF strongly depend on form factors. While in PQCD, the branching ratios and form factors given in ref. [31] , but they probably also differ from PQCD approach as it happened in B → ππ and Kπ case [32] .
The numerical results shown here are only leading order ones. For the tree dominated channel B s → ρ ± K * ∓ , the leading order diagrams should give the main contribution. But for the other two decays, with a branching ratio as small as 10 −7 , the next-to-leading order and power suppressed contributions should not be negligible, the results may suffer from large corrections when the next to leading order corrections are included [33] .
Current experiments [24] only give the upper limit for the decay
More data are needed to test our calculations.
Summary
In this paper we calculate the branching ratios, polarization fraction and CP asymmetries of B s → ρ(ω)K * modes using PQCD theorem in SM. We perform all leading order diagrams to next to leading twist wave functions. We also study the dependence of their averaged branching ratios and the CP asymmetry on the CKM angle α. 
A wave function
For longitudinal polarized K * meson, the wave function is written as
and the wave function for transverse polarized K * meson reads
The K * meson distribution amplitudes up to twist-3 are given by ref.
[34] with QCD sum rules. 
where the Gegenbauer polynomials are 
